Graphical Abstract
Concentration profiles (mg L (incineration with no heat recovery) [2] . Furthermore, SCWO is highly exothermic, producing enough energy to make it self-sustaining in addition to production of green electricity [3] .
Despite its advantages SCWO suffers some well-documented problems like corrosion, salt formation and pipe plugging [4] , which has hampered commercial advancement over the 90s and 00s. However, more recently, Marrone [5] ) and the complex nature of N chemistry make investigation of such compounds both challenging and interesting. A relatively small body of literature on SCWO of N-hydrocarbon were reported. Lee et al. [6] investigated the decomposition of p-nitroaniline (pNA) at 380 -420°C in the presence and absence of oxygen and concluded that the nitro group in pNA drove the degradation in the absence of oxygen. Bermejo et al. [7] obtained complete degradation of 7
wt.% NH 3 at 780°C in a cooling wall reactor, while Aymonier et al. [8] obtained complete oxidation of fenuron at 540°C and 25
MPa obtaining 99.99% COD removal. Benjamin and Savage [9] reported SCW reactions of amines and amides, reporting reaction pathways and constants. In their studies Pinto et al. [10] investigated continuous SCWO of quinoline following C and N species profiles under various conditions. In a follow-up study they reported SCWO kinetics assuming Arrhenius type models [11] . . Figure 1 shows the structural formula of DBU: (at 20°C).
All compounds were purchased at Sigma Aldrich Chemicals.
Apparatus
The apparatus consists of a continuous system shown in were separated in a gas/liquid separator. When used, IPA was premixed with DBU at the required concentration and amount, before pumping into the system. Table 1 
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Experimental conditions
Oxygen was produced by decomposition of hydrogen peroxide upon heating:
The stoichiometric ratio (SR) of oxygenis defined as the quotient of the molar flowrate of oxygen delivered and the molar flowrate required for complete oxidation of the organic feed as described in equations (1) and (2). The value of ‗n' denotes excess (n>1), stoichiometry (n=1), or shortage (n<1) of oxygen.
Eq. (3) can easily be used to determine the concentration of oxidant solution required to supply oxygen for each run.
The reaction mixture was more than 99% water thus all calculations were based on the thermodynamic properties of pure water under the reactor conditions. It is worth mentioning that all reactions took place in an isothermal furnace, hence it was assumed that the thermodynamic properties of the reactants remained constant throughout the reactor. Heat produced during the reaction would dissipate through the large temperaturecontrolled furnace.
Residence times were calculated from the reactor volume and reactants' (organics + oxidant) flow rates at the reactor entrance, and under the conditions inside the reactor at each set of system conditions.
Results and Discussion
Proposed SCWO pathway for DBU
Previous work [18] 
Such free radicals initiate the reaction as proposed in Zhong et al. [19] showed that SCWO of IPA generates free radicals Figures 6 and 7 show the effect of temperature on TOC removal %, N compound concentrations and N yield % in product stream.
Fig 6
As expected, Figure 6 shows that TOC removal % increased with increasing the reaction temperature. An increase from 400°C
to 525°C resulted in 17% increase in TOC removal. C was mainly converted to CO 2 . The gas phase composition for the current work was not analysed.
Fig 7
Oxidant Ratio (nSR):
Besides temperature effect on reaction kinetics, the oxidant is the main factor to influence the reaction pathway and final products. Furthermore, ∆H r of SCWO plays the key role in the process energy efficiency, energy integration and control of the temperature profile along the reactor. However, the present system is isothermal thus ∆H r has no detectable influence on the reaction enhancement because the temperature profile along the 13 reactor was assumed constant. This is to be taken into account upon deciding the optimum oxidant dosage for SCWO of nitrogenous hydrocarbons. Overall, in the destruction of N-hydrocarbons, oxygen plays a role more prominent than temperature.
The Effect of IPA
IPA was selected as co-fuel because it is easily oxidised and has a higher ∆H r (-1908 kJ/mol) than both methanol (-650 kJ/mol) and ethanol (-1279 kJ/mol) [20] , releasing more energy and free radicals [19] to further enhance the process rate and efficiency. It is pertinent to point out that in principle the increase in reaction rate is attributed to two factors: (1) the release of extra free radicals and (2) the release of extra heat (both by the SCWO of IPA). However in the current study, the excess heat is dissipated to the surroundings, hence the system is isothermal and the increased removal is entirely attributed to the formation of extra free radicals. Figure 10 shows a schematic diagram of SCWO of IPA and the main radicals produced in the reaction.
Fig 10
For all experiments other than where the effect of [IPA O /DBU O ] was being investigated, IPA to DBU molar ratio of 1 was used.
Temperature:
Results of experiments using IPA as co-fuel for SCWO of DBU are presented in terms of TOC removal % and concentrations of key N species in Figures 11 and 12 respectively. At 3 selected residence times, Figure 11 shows that TOC removal was enhanced at all residence times, showing slightly better results at lower residence times and temperatures. For instance at 400°C and 2 s, TOC removal % improved by 3.7%, while at 525°C and 10s, TOC removal % improved by <0.5%. This suggests that at longer residence times and higher temperatures, destruction of the N species predominates. Figure 12 shows the influence of IPA on N speciation. Both However, they used a MeOH/NH 3 ratio of 5, at temperatures over 600 °C.
Fig 11
Fig 12
Oxidant ratio (nSR):
The effect of changing nSR was investigated in an IPA/DBU system undergoing SCWO at 400 °C. wastes, and NO 3 -is a source of unwanted salts.
Fig 16
Conclusions
From the current work it can be concluded that the destruction of N-containing hydrocarbons occurs by virtue of the vigorous free radical mechanism when HO• and HO 2 • are responsible for the scission of the C-N bonds, followed by a series of C-C and C-N scissions. Temperature and oxidant ratios were found to be the primary factors, which influenced the SCWO process. While temperature was the main factor that enhanced the overall oxidation the oxidant amount had the main influence on the products distribution, specifically on N products. packed-bed reactor working with low concentrations in the order of mmol. They did not observe significant effect the methanol (MeOH) on the oxidation of ammonia working at a temperature of 530 bar, at residence times of 6-9 s, with molar ratio ethanol/NH 3 of 0. The organic mixture (of ammonia and IPA) and oxidant (H 2 O 2 ) were pumped via Jasco PU-2086 Plus pumps through 1/16 ′′ coil preheaters, to a mixing cross before being introduced into the reactor. The preheaters and the reactor were all placed inside an electric temperature-controlled furnace, where temperature was monitored and recorded. Fig. 1 shows a scheme of the system.
Temperatures were measured at the reactor inlet and outlet points, to ensure that the temperature along the reactor remained constant. The reactor effluent was cooled in a heat exchanger and de-pressurized via a manual GO55 back-pressure regulator before the two phases were separated in a gas/liquid separator. Gas and liquid samples were withdrawn at this point, for analysis, at the different residence times studied. Before taking samples, stationary flow and temperature conditions were maintained at least for 15 min.
Gas was analyzed by GC-TCD (for N 2 , O 2 , CO and CO 2 ), while liquid samples were analyzed for NH 4 + , NO 2 − , NO 3 − and total nitrogen (TN), and TOC for organic carbon content. Measurement of ammonia, nitrate and nitrite ion (NH + , 
